Abstract: This study aims at optimizing environmental and operational factors affecting the bioremediation of H2S as air pollutants. Sulfur gases are emitted from many industrial sources and have adverse effects on the public health and the environment. Bioremediation of waste gases represents a new treatment alternative that has been seen as a competitive to the physico-chemical treatment technologies. Sulfur gases, such as H2S were among the inorganic gases that have been proven to be suitable candidates to Bioremediation. The process of biological treatment depends on using sulfur eating bacteria which can use the target sulfur gas or compound as energy or supplementary source converting it to another sulfur form. Sulfur bacteria are dominant microorganisms in many natural media. The bioreactor used was an aerobic reactor for oxidizing H2S to elemental sulfur by Sulphur Oxidizing Bacteria (SOB). It consisted of aerobic bioreactor, a settler, and H2S-laden gas producing system. The microorganism used is SOB isolated from sewage sludge. Microbial activity is affected by environmental factors and operational factors. The results revealed that the optimum CO3 --concentration range for complete removal and conversion, i.e. 100% recovery of H2S is 61.5 to 615 g/m 3 . The SOB was highly preferment within a nitrogen concentration range of 30.8 to 123.1 g/m 3 , achieving 100% removal or conversion efficiency. The minimum P concentration that maintained maximum activity of the resident SOB was about 24.6 g/m 3 . The mesophilic range was the optimum for the SOB used in this study (38-43 o C). The highest performance of the bioreactor was attained at pH range from 7.5 to 9 with optimum operation at pH 8. Results explained that the resident SOB at pH 8 tolerated total sulfide concentrations higher than at pH 7. 100% removal efficiency of the bioreactor reaching at O2/H2S range 0.5-1.5. The maximum elemental sulfur yield obtained was 92.4%. The increase of H2S inlet concentration required increase of contact time. The measurements of SOB concentration in the suspension reported average about 3.56×10 8 cells/ml (range from 3.5 to 3.62×10 8 cells/ml). This implies that the maximum cell capacity was about 1.23×10 -12 g H2S/cell.h. The activity of the SOB was not affected at SO4 --concentrations below 20,000 g/m 3 . The removal efficiency was 100% below this concentration. The S2O3 --concentrations higher than 10,000 to 15,000 g/m 3 may be inhibitive to the SOB. This study recommended encourages the using of air pollutant gases bioremediation in industries scale.
INTRODUCTION
The negative environmental and public processing. (1) (2) (3) H2S is a corrosive and extremely toxic air pollutant. H2S is a malodorous gas and is nuisance at very low concentrations. Excess amounts of H2S can irritate human eyes and it has the potential for causing injury to central nervous system at low-dose exposures. (2, 4) There 
MATERIAL AND METHODS
In this study the bioreactor used was an aerobic reactor for oxidizing H2S to elemental sulfur by Sulphur Oxidizing Bacteria (SOB).
The H2S-designed system is aerobic system, it consisted of aerobic bioreactor, a settler, and H2S-laden gas producing system. The system is illustrated in figure (1) . The microorganism used is SOB isolated from sewage sludge using selective media (6) with addition of sodium carbonate.
The all methods for culturing, isolation, purification, enrichment and counting of bacteria and the Physico-chemical parameters analyzed were used according to standard methods (6) .
The activity of bacteria used in Bioremediation and the bioreactor performance effected by some environmental factors (nutrient availability, temperature, pH) and operational factors (accumulation of product and by-product, target gas inlet concentration, contact time,…,etc;) are studied in this work as described in the following section.
RESULTS AND DISSCUTION
Phase I: Microbial Culture Enrichment:
Several trials to isolate and enrich SOB were done to develop a sulfide oxidizing culture sufficient for the operation of the aerobic H2S treatment reactor and for stock storage.
Phase II: Bioreactor starts Observations:
The following observations were recorded during the initial stages of start-up, and before investigating the effect of major parameters on the bioreactor performance and microbial activity.
1-Start-up of the bioreactor:
At the start of operation, the bacterial 
By increasing the concentration of H2S in the inlet air stream up to more than 1000 ppm (>1.4 g/m 3 ), sulfur formation drastically increased and precipitation of sulfur particles on the inner wall of the bioreactor was observed.
2-Performances after Shutdowns:
In some occasions of shutdown without aeration, the color of the cell suspension turned green. The green color was, most probably, attributed to the formation of polysulfides. (7) The absence of aeration led to oxygen deficiency and, consequently, Concentrations on the Activity of SOB:
The sulfide oxidizing bacteria ,SOB, used in this study were chemolithoautotrophic.
Therefore, their carbon source was an inorganic one, being carbonate in the form of Na2CO3. Different concentrations of Na2CO3 were studied to determine the Singh et al., (10) reported that high (11) for autotrophic systems using denitrifies.
(C) The Effect of Phosphorous Concentration:
The effect of P concentration in the cell suspension on the activity of the dominant SOB is illustrated in figure (2 (12) who concluded that there is a minimum requirement for phosphorous for any bacterial growth, however, higher phosphorous concentrations cause no adverse effects.
1-2.The Effect of Temperature on H2S

Bio-remediation
The effect of temperature on the activity of the resident SOB towards H2S utilization was studied in the continuous bioreactor.
The 
1-3.The Effect of pH on H2S Bioremediation:
The bioreactor achieved very low removal efficiencies at pH lower than 6.5. At pH values higher than 6.5, the removal efficiency gradually increased to 81.1, 97.4, and 100% at pH 7, 7.5 and 8, respectively.
At pH 9 and 10, the removal efficiency gradually decreased again to 97.3 and 66.6%, respectively as shown in figure (4) .The highest performance of the bioreactor was attained at pH range from 7.5 to 9 with optimum operation at pH 8.
These results were in agreement with those obtained by Park et al., (15) Cho et al., (14) and Srivastava et al. (16) However, the results obtained by Yang and Allen (3) proved high bio-filter performance within a wider pH range between 3 and 9.
Therefore, it can be said that the majority of SOB used were both neutrophilic and alkaliphilic with maximum activity at pH 8.
Only small number of acidophilic SOB was found within the microbial culture. A chemical compound is required to produce the alkalinity of the suspension; this chemical compound will be the carbonate itself, which will be, originally, added as a carbon source. This means that the SOB inhibition was a result of free H2S toxicity rather than total sulfide toxicity. The inhibitor concentration detected was higher than reported by other studies (7, (17) (18) (19) (20) this indicated that the strain of bacteria used in this work (isolated from sewage sludge) was more tolerant to the high concentration of total sulfide and consequently to free H2S.
2.Operation
2-2.The Effect of O2/H2S Molar Ratio on H2S Bio-remediation:
The effect of oxygen concentration converted to S2O3 --drastically decreased to less than 6%.
Kuenen (21) reported that biological formation of thio-sulfate will not occur in a sulfide-oxidizing system. van den Ende and Gemerden (22) suggested biological thiosulfate production from the oxidation of sulfide under oxygen-limited conditions, however, Janssen et al., (7) did not exclude that the formation of thiosulfate resulted from the sulfide auto-oxidation in van der Ende's experiments. Janssen et al., (8) (24) found maximum sulfur formation at O2/H2S ratio of 0.56.
The maximum elemental sulfur yield obtained was 92.4% which is higher than that achieved by Janssen et al., (73±10%) (7) and lower than a proposed full-scale unit in Egypt (25) (95%).
2-3.The Effect of H2S Inlet Concentration and Contact Time on H2S Removal:
Table ( 
2-4.The Effect of H2S Loading Rate and
Contact Time on the Elimination
Capacity of the Bioreactor:
The effect of H2S loading rate (g/m 3 higher than values obtained by many researchers (24, 26, 27) and lower than value reported by Chung et al. Janssen et al., (8) reported similar findings.
When the S o content was increased, the concentration of SO4 --decreased and both 
Concentration on H2S Bio-oxidation:
The results of studying the effect of SO4 --are shown in figure (6) , which shows that the activity of the SOB was not affected at SO4 --concentrations below 20,000 g/m 3 .
The removal efficiency was 100% below this concentration. However, at SO4 and 60,000 g/m 3 , respectively.
The SOB was inhibited at SO4
--concentrations higher than 20,000 g/m 3 .
However, sulfate itself is chemically inert and non-toxic compound. (28) Therefore, the inhibition may be due to the increased ionic strength.
The sulfate inhibitive concentration found by this study is comparable to those reported in the literature by Sublette et al., (17) and Yang and Allen (3) . In full-scale applications, SO4 
The effect of accumulated thio-sulfate was studied to determine its inhibitory level.
The results are depicted in figure (7), which
shows that when the bioreactor was operated at O2/H2S molar ratio of 0.7 complete removal of H2S was achieved at However, incomplete or no recovery was observed at higher S2O3 --concentrations.
Combining this with the results at O2/H2S ratio of 0.7, it can be concluded that S2O3
--concentrations higher than 10,000 to 15,000 g/m 3 may be inhibitive to the SOB.
RECOMMENDTIONS
• More study on the bio-treatment of the different air pollutant gases
• Applying the bioremediation in the industrial section
• Study the cost effectiveness. 
